Information access cost has been reported to be one determinant of one's information retrieval strategy. However, the "expected gain" of an information retrieval strategy has not received much attention. The present study aimed to examine the effects of confidence judgment and overconfidence bias, besides the information access cost, on the choice of information retrieval strategy and task performance.
INTRODUCTION
Norman has described in his book "The design of everyday things" the dichotomy of "knowledge in the head" (KIH) versus "knowledge in the world" (KIW) (Norman, 1980) ; and such a tradeoff has manifestations in several other walks of life. For example as we try to remember a reference while typing a draft, do we rely on our often imperfect memory, about author, spelling, date, or do we try to look up the information in a library.
Existing research has focused on one determinant of such behaviors: the effort incurred to access information either from the head or the world. A consistent finding from the study of effort in general is that humans have limited physical and mental resources and thus are inherently "effort conserving" when making a decision (Wickens & MaCarley, 2008; Kurzban, Duckworth, Kable & Myers, 2013) . Examples of effort conservation include pilots' reduction of visual scanning at peripheral areas of a screen due to increased effort of doing so (Parasuraman, 1986; Stelter & Wickens, 2006) , and people's decreased inclination to wear safety harness if the "cost of compliance" is high (Wickens, Lee, Liu, & Becker, 2004; Wogalter & Laughery, 2006) . With regard to information access effort in particular, studies have reported a shift from KIW-based strategies to KIH-based strategies as effort incurred to access KIW increases (Ballard, Hayhoe, & Pelz, 1995; Gray & Fu, 2001 , 2004 Gray, Sims, Fu, & Schoelles, 2006; Yang, Park, Wickens, Siah, & Fong, 2013) .
Little research, however, has paid attention to the accuracy of a decision strategy. According to the effortperformance space (Wickens, Hollands, Parasuraman, & Banbury, 2013) and the contingency decision model (Payne, Bettman, & Johnson, 1988) , the choice of a strategy is based on the trade-off between the accuracy and the cost. One tries to maximize the gain while minimize the cost.
The trade-off between effort and accuracy is complicated by the growing body of research on metacognition, which shows that people oftentimes overestimate their memory accuracy (Lichtenstein & Fischhoff, 1982) . Such overconfidence may bias the decision towards KIH-based strategies, leading to suboptimal decision making and task performance.
Therefore, the present study aimed to examine the effects of confidence judgment and overconfidence bias, besides information access cost, on the choice of information retrieval strategy and task performance. Ballard et al. (1995) investigated the relationship between information retrieval effort and people's interactive strategies and found a shift from memory-less strategies to memory-intensive strategies as effort of retrieving information from memory reduces. Along the same line, Fu (2001, 2004; proposed the soft constraint theory to examine the information retrieval behaviors from KIW and KIH. According to the theory there are two kinds of memories: internal memory and external memory. Internal effort refers to the effort used in encoding, storing and retrieval an item from memory, while external effort refers to the effort spent searching the environment and retrieving an item from a location. The selection of a high-level interactive behavior depends on the cost-benefit tradeoffs between the effectiveness and efficiency.
Information access effort/cost
Despite the proposition of the two concepts (effectiveness and efficiency) in the theory, a series of followup experiments focused largely on testing the effect of information access effort on the selection of interactive behaviors, rather than the tradeoff between them (Gray & Fu, 2001 , 2004 Gray et al., 2006) . In these experiments, effort has been represented through various surrogates including eye movement vs mouse movement, varying levels of Fit's index, and varying levels of lockout time. Despite the differences in manipulation methods, it is consistently reported that an increasing effort for accessing KIW encourages a more memory-intensive strategy. Similar results were reported in another two studies (Morgan, Patrick, Waldron, King, & Patrick, 2009; Morgan, Waldron, King, & Patrick, 2007) .
Metamemory and overconfidence
Metamemory is referred to the confidence judgment of information retrieved from memory (Nelson & Narens, 1990) . Two major domains in metamemory research are eyewitness memory and memory for general knowledge. Research on these two types of memories typically reveals an overconfidence bias (OC), with mean probability judgments exceeding the proportion of correct answers (Lichtenstein & Fischhoff, 1982) . Bornstein & Zickafoose (1999) studied the relationship between confidence and accuracy in eyewitness memory through two experiments imitating situations commonly found in criminal cases and reported a 19% overconfidence bias. Similar results were reported in the study of eyewitness memory in civil cases (Krug & Weaver, 2005) . In the study of memory for general knowledge, Lichtenstein and Fischhoff (1977) studied confidence judgments on general knowledge questions with highly varied topics and showed that on average, participants were correct in 6% of the answers, but assigning a mean probability of 72%. Similarly, Bornstein & Zickafoose (1999) studied the relationship between confidence and accuracy in general knowledge memory. Their results showed that participants were on average 16% overconfident.
In a study of medical doctors' information retrieval performance during handover preparation, Yang et al. (2013) investigated the interaction between the cost incurred to access information in patient charts and overconfidence bias on medical doctors' information access attempts and performance. In their experiment, medical residents studied four patient cases and later on completed recall and recognition questions. Information access cost was manipulated by locating patient charts at varying distance and overconfidence bias by varying the level of accountability (Tetlock & Kim, 1987) . The results showed that an increase in information access cost led to less information access attempts of seeing patient charts and poorer information retrieval performance. Furthermore, only when information access cost was high, overconfidence contributed to poor retrieval performance. This study shed light on how overconfidence afflicts information retrieval performance. However, due to the experimental design (i.e. Accountability did not affect confidence judgment), it did not examine the relationship between confidence judgment and information access attempts.
RESERCH MODEL AND HYPOTHESES
The present study aimed to examine the factors influencing information access strategy and performance in general ( Figure 1 ). Our overall approach is to replicate the findings of Yang et al (2013) ; however rather than manipulating overconfidence by accountability, here we chose to manipulate it via comparing two different types of picture recognition memory in the " Tulving test" (1981) : one tends to yield higher accuracy but lower confidence, and the second lower accuracy and higher confidence (e.g., overconfidence). Thus to the extent that this manipulation does indeed reveal this "accuracy-confidence inversion" (and we did a manipulation check to assure that it does), we were in a position to examine the link between confidence and information access attempts, and its relationship with information access effort. Thus, based on the research model, we proposed the following 6 hypotheses. H1: Replication of Tulving's results of the confidenceperformance inversion: There is an inverse pattern of accuracy and confidence judgments between the two picture typess. H2: As IAC increases, the number of information access attempts in the world will decrease and the recognition performance will decrease. H3: As confidence judgment increases, the number of information access attempts in the world will decrease. H4: As overconfidence increases, recognition performance will decrease. H5: There is an interaction between IAC and confidence judgment on information access attempts. As IAC increases, the effect of confidence judgment on information access attempts will be more prominent. H6: There is an interaction between IAC and overconfidence on recognition performance. As IAC increases, the effect of overconfidence will be more prominent.
METHOD Participants
Thirty-nine undergraduate students of both genders at Nanyang Technological University, Singapore were paid to participate in the experiment. The results of 3 participants were excluded from the analysis because their recognition rate in the recognition test w/o aid was below 40%.
Experimental material
In order to replicate Tulving's procedures in which the accuracy-confidence inversion in recognition memory was observed, from an initial pool of 1000 photos, a set of 180 photos was selected as "test pictures" on the basis of similarity ratings of the halves of each bisected photo. Similarity ratings were assessed on a scale of 1 (not similar) to 5 (perfectly similar) by 6 participants not involved in the experiment. The "test pictures" selected ranged in similarity from 3.4 to 4.0. Another set of 180 photos with similarity ratings from 1.8 to 2.8 was selected as "buffer item pictures". One half of each photo was randomly selected as the target picture (A, B, C…) and the other half its similar counterpart (A', B', C'…). In Tulving's research, recognition tests on picture pairs ("which have you seen before) tended to show higher accuracy and lower confidence on pairs AA' (two similar pictures) but the inverse pattern on pairs BC'.
Experimental procedure
Step 1: Subjects viewed a block of 120 pictures. Each block comprised 60 "test pictures", which were used in later recognition tests and 60 "buffer item pictures" which were included to increase the memory load and bring the performance to middle range. The first and last 10 pictures of each block were all buffer items to eliminate the primacy and recency effect that might contaminate the subsequent memory test. The presentation sequence of the remaining 60 "test pictures" and 40 "buffer item pictures" were randomized.
The 60 "test pictures" were randomly grouped into 3 subsets of 20 pictures; 20 As, 20 Bs, and 20 Cs. In the two recognition tests, picture As were presented together with its similar counterpart A's, resulting in 20 pairs of type AA' (underconfidence). Picture Bs were presented with the similar counterpart C's of picture Cs, resulting in 20 pairs of type BC' (overconfidence).
Step 2: Subjects performed an interpolated mathematical task for 5 minutes (http://pebl.sourceforge.net/). This task was used to bring the hit rate into the middle performance range.
Step 3: Subjects performed two recognition tests on the pictures they had seen before, each consisting of 20 questions of recognition (10 AA' pairs & 10 BC' pairs). In recognition test 1, subjects depended on their memory entirely and rated their confidence using a six-point scale. In recognition test 2, subjects were allowed to access the original pictures they reviewed in Step 1 by moving the mouse to a specific area. This test was designed to assess information access attempts (IAA) and task performance.
Participants repeated step 1 to step 3 three times. The three trial blocks differed from each other in terms of the level of IAC provided in recognition test 2.
Experimental design
Independent variable The first independent variable was picture type (AA' vs. BC'), which as we noted changed the accuracy-confidence relationship. The second independent variable was IAC, which was manipulated by varying the delay time when accessing the original pictures (Gray et al., 2006) . The delay between mouse entering the specific area and picture appearing was 0 second, 1 second. and 2 seconds, in the conditions of low, medium and high IAC respectively.
Dependent variable In recognition test 1, accuracy and confidence judgment were measured as mediating variables, based on which overconfidence were calculated. In recognition test 2, number of information access attempts and recognition performance were measured.
Design The experimental design was a two by three within-subject design. In every trial block participants were given 10 AA' pairs & 10 BC' pairs in each recognition test. The three trial blocks were presented in a counterbalanced order such that 1/3 of the subjects received High IAC first, 1/3 received medium IAC first, and 1/3 received low IAC first.
RESULT AND DISCUSSION

Analysis on the accuracy-confidence inversion
In recognition test 1, confidence was calculated by averaging the confidence judgment of question i (i =1 to 10). Overconfidence was calculated as the signed difference between consolidated confidence and accuracy.
An manipulation check was conducted to test the effects of picture type) on accuracy and confidence judgment (our proxy manipulation of overconfidence). However, the results showed no difference in confidence judgments between the two picture types. A detailed examination of the data suggested that the trial block sequence seemed to affect accuracy and confidence judgment. Therefore, a two-way ANOVA was conducted treating IAC and block sequence as the independent variables. The results revealed a significant interaction effect between picture type and block sequence on confidence judgment (F(2,35) = 8.661, p <.01). To investigate the significant interaction effects, a follow-up simple effect analysis was conducted on each block. Table 1 shows the mean value of accuracy, confidence and overconfidence. These data are pooled over IAC subgroups.
The results suggested that the accuracy-confidence inversion pattern was prominent in the first trial block, diminished in the second block and was entirely eliminated by the third block. The accuracy levels were higher in picture type AA' than BC' in all three trial blocks, with decreasing differences. The differences were significant in the first trial (difference = 8.33%, p < .01) and the second trial (difference = 6.67%, p < .05) but not the third trial (difference = 0.56%, p = .889).
Table 1 Mean value of accuracy, confidence and overconfidence (OC) for picture type AA' and BC' at each level of trial sequence
The confidence showed a significant difference in the first block (difference = -3.74%, p < .05), with lower confidence in picture type AA'. In the second and third trial blocks there was no significant difference in confidence between the two picture types (2nd trial: p = .132, 3rd trial: p= .227).
The results on overconfidence showed that the subjects were generally more overconfident in picture type BC' than AA'. In the first trial block, the difference was highly significant (difference = -12.08%, p < .01). As subjects proceeded to the second block, the difference decreased Analysis on the effect of IAC, confidence judgment and overconfidence Due to significant effect of block sequence on the accuracy-inversion pattern, it was not meaningful to analyze the data following the original 2×3 within subject design. Therefore, a one-way ANOVA was performed to analyze the effect of IAC, collapsed over block. The analysis revealed a significant effect of IAC on the number of information access attempts (F(2,70) = 4.609, p < .05). There was no significant difference between low (M=5.92 IAA) and medium IAC (M=5.83). However for high IAC condition, there was a significant reduction in IAA (M-5.00; p<.05). There was no significant effect of IAC on overall performance (F=0.88).
As previously mentioned, the accuracy-confidence inversion was only significant in the first block. Thus it was feasible to analyze the effect of confidence judgment with the data from the first block only. Note that the first block of the counterbalanced design included data of 12 subjects at each level of IAC. The data were pooled over the 3 levels of IAC for the analysis. Table 2 shows the mean value of IAA and recognition performance on test 2, along with the block 1 data shown previously in table 1. Table 2 Mean value of accuracy, confidence, overconfidence, information access attempts (IAAs) and performance with data of 1st trial in both recognition tests A one-way analysis of variance (ANOVA) revealed a significant difference in the number of information access attempts (F(1,35) = 5.016, p < .05) and on recognition test 2 performance (F(1,35) = 9.050, p < .01). As the confidence judgment and overconfidence increased for picture type BC', i.e. subjects were more confident and more overconfident of information in their head, they accessed information in the world less frequently and the performance worsen.
Within the first block, where the inversion was evident, there were 12 subjects at each IAC level. Therefore, it was possible to test the interaction effect between IAC and confidence judgment, despite a much smaller sample size. The experimental design was a 3×2 mixed design, with IAC the between subject variable and picture type the within subject variable. The two-way ANOVA revealed no significant interaction effect between IAC and picture type on information access attempts (H5: F(2, 33) = 0.082, P=.921), nor interaction effect on performance (H6: F(2, 33) = 0.209, P = 0.812)
Discussion
Below we discuss how the experimental results support the six hypotheses.
H1:
The results supported the hypothesis of accuracyconfidence inversion. However, the inversion pattern was moderated by task experience. The inversion was shown in the first trial, which was diminished in the second trial and eliminated in the third trial. The diminishment of the inversion pattern was not reported in Tulving (1981) or another similar study (Dobbins, Kroll, & Liu, 1998) , as subjects in the two studies did not participate in viewing multiple trials.
In an attempt to explain factors underlying the inversion pattern, Tulving (1981) stated that it was possible that "Highly similar test items (picture type AA') may induce subjects to engage in deeper or more elaborate processing of retrieval information" and hence result in better memory performance. Also, the author suggested that more empirical studies were needed to fully understand the inverse pattern.
An explanation is that the confidence-accuracy calibration was learned across the 3 experimental trials. That is, training induces a "debiasing" (Koriat, Lichtenstein, & Fischhoff, 1980) . Although no explicit feedback was given to participants in the experiment, the results suggested that some access attempts were made on pictures which the participants could recall accurately. Such access attempts served as selfadministered feedbacks and helped the debiasing process.
H2: The results provide partial evidence for the effects of IAC on information access attempts. As IAC increased from 1s to 2s, the number of times the memory aid was opened decreased significantly. There was a shift in information access from the world to access from the head.
It is important to note that the effects of IAC on information access attempts were not linear across the three levels. The low and medium IACs had equivalent number of information access attempts, compared to high IAC. The lack of linearity could have resulted because the extra 1s delay from low to medium IACs was below the subjects' threshold for strategic change.
In addition, the effect of IAC on performance was not significant, which was inconsistent with past studies (Yang et al, 2013) . It could have resulted from two reasons. First, despite our effort to bring the accuracy to middle range, the performance level in recognition test 1 was fairly high. The ceiling effect could have suppressed the effect of IAC. Second, the effect of IAC on information access attempts was only partially supported (see above), which could have suppressed its influence on performance. A larger difference in IAC would be expected to lead to more prominent results.
H3: The results confirmed H3 as shown in Table 2 . When the confidence judgment increased from picture type AA' to picture type BC', despite a reversed pattern in memory accuracy, the number of information access attempts decreased significantly. It is important to note that the information access attempts were determined by the 'metacognition' of memory accuracy instead of the actual performance. change in information access behaviors caused by change in confidence can be considered as a rationale adaptation. However, in reality, miscalibration between accuracy and confidence is often the case. In the condition of overconfidence, humans depended more on their memory than they should have, which resulted in retrieval of erroneous information and harm the recognition performance. On the other hand, in the condition of underconfidence, humans trusted their memory less than they should have, resulting in more information access attempts in the world than needed.
H5 & H6:
The result did not reveal the hypothesized interaction effect in either variable: performance or IAA. The lack of significance could have resulted from the small sample size, given that the influence of the confidence inversion was only observed in the first trial, which reduced the number of subjects per IAC level, where IAC showed substantial effect, was averaged over all three blocks. It is likely that with a larger sample size and/or a larger difference in IAC, an interaction effect would have been found. To fully understand the interaction effect, more empirical studies are needed.
CONCLUSION
We believe that Information access cost is a key player in system design, but often an under-researched concept in evaluating its effect on safety critical decisions. Elsewhere we see that changes in IAC can reduce information access attempts (Yang et al, 2013) . Furthermore, reduced IAA often, but not always reduces knowledge-based performance. In Yang et al (2013) when the reduction was caused by an increase in IAC, it did so. In the current study, when the reduction was imposed by a miscalibrated sense of confidence in the OC-inducing picture type BC' condition, it yielded the reduction in IAA, which appeared to underlie the reduction in performance.
Also, this study shows clearly that the perceived accuracy, instead of the actual accuracy, determines one's choice of strategy. Such miscalibration between perception and reality can lead to either redundant or inadequate information access attempts.
In conclusion, this integration between the physical (IAA) and the cognitive (OC and knowledge) represents an intriguing integration of ergonomics "below and above the neck", an integration that, as shown by Yang et al (2013) has critical safety implications.
